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Abstract 



PROBLEM TO BE SOLVED: To materialize the material characteristics of SiC and obtain an SiC- FET 
which can operate stably by preventing the degradation of quality and breakage due to voltage applied to a 
gate insulation film and reducing leakage current. 

SOLUTION- This device is provided with a first conductive type high resistance drift layer 2 formed on a 
silicon carbide substrate, a second conductive type base area 7, a first conductive type source area 8, an 
AIN film 3 formed on the gate area, etc., on the surface of the second conductive type base area, and a 
surface covering film 4 formed on the AIN film 3. The surface covering film 4 is made of AlxGal -x-ylny (x: 
real number, 0<=x<=1; y: real number. 0<=y<=1; x+y<=1), etc. 
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S:S![L'5r**A.A 1 , Ga,, in, N(x + y + z=l. 

O^xgl. OSySl. O^z^lT'S).?.. ) 
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Zt\WHZh:^^'<-y9Wm\,Zi.'0ZnO, LiAl 
NO. LiGaNO, HfO, ScN. T i , UB 

2 , WB2 imwLLxm\^xhmm:midfint>ixh, 

[0046] ZiX^<Od'iyX\ ZnO. L i A 1 NO, 
LiGaNO, HfO, S c Ntc;oV>-C{4. A 1 NJiLh 

cr^mmmwkt Lxfmx\ifj:< . a i n<7yTmmm 
t Lxm^^xhmtif.zFET<Dy-hn^^nhzttii 

—1jX\ Ti B2 . UB2 . WB2 KOV^T 

ii. zixP^cDm^m-:^^x'h?>zki)-ibAiNmt 
^^^mizm^i3iB;\^ztiztiit. tfzftmmizim 

^n.i:imcm.ii^t:>^j:?>m^m^^xiimm^mmi}fne^ 
tit z tarn otxh^^^. 
[0047] tfc. ^i>zm^c^ 0 t=«v^i^«*$-j^ 
A 1 nm^^mzm^^tzbx^^w^cDmMnMifi 

[0048] -^snimmrnxM.. mwjimmiW'fi 
mmzm-hmmw^m.b x.x^m-th^xt. m 1 1 
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[0 04 91 m2cr>mmBm) m2ti. ^^o^tcis 

1 cmm.2 i±izji\^^^i^^)i'mi>z^ o nmmt&tiiV 

^}yvm22hp m.'^-xm 2 3 s-mtcj^^-r . 
p M'^-xji 2 3 (?D^ffi«tg3g^co n mpm^t: ^ 

-xMi^2 4^m-ri., $^>tCpM^-;^®2 3c7)^ 

Op* S^i^2 5SrJ^fie-rs. 
[00 5 0]<?:(C. H^^Jl y^yi/'S (R I 
J; On* My-^«i^2 4<0«S*»i?>n* MV-X^l^ 

2 4 ts J: P M'^-Xii 2 3 SrKii LT n Maffifit H U 

yhm22{z^'thv\^y^2ei:mm-^. dd-c. 

i 0 pMfSKJl (^la*. S i C^*>^>^: 

v^ymcr):^ymK^Wm-h:ihii^X'^h. dcJO^p 
SfIMJi«0MH^BM{i:pM<-xe2 BiO^H^BShlBl t i: 
^ 0 . X^l^^liaiO^PIrEifejgJgli P S'^-J^il 2 3 C7) 

[005 n* mv-xmm2 4cr>mmco-^ 

b M^>'-?-2 6rttCMOCVD^tCj: OA 1 NM2 7 
Sri OOnmigJS. A 1, Ga^.^.y I n, NK2 8 
(flL. x{iO^xglcO^^-C'$>0. y{i0^ygl 
tfOHiScT-fc 0 , x + ySlT'fcS. ) ?:50nmgJK, 

[00 521 dd-c. mi<r)mmmx'm^f<iJ:d izA 

1 N^<7)ff$*>'5 0 0 nmmTT'$>-l.di:*^*tV\ 
dOM/SiaTT'a^iXti'-e-c^itJg^Sn-l. A 1 , G a 
i-^.ylny NM2 8 (fML. xJiO^x^ 1<0|^-C 

&0. yliO^y^lcom^X'h'O. x + ySlT'^i 

=5: 0 . «H«^<7)«t§Jt'{t-C'^ < «^6t)fc t ®il.3t 
$:^^-r3&»J^> . *5t. C:<:0i;#pS'<.-xe2 3± 

(O'j'-^K b h-mi,zmm.mizA i N112 7 1 a i , g a 
1.,., In, Nm2s^m'^f^m±<o^mm (^m^) 

bLXm&LXt5<Zbi!mtL\t^, ■?-tThUV^2 
6|*I<7)A1, Gai.j.y In, NJ12 S^O^Bi: ^^>' 
^ 2 6 co^DgPcO^Ht;:^-'- hflSiJl 2 9 StJ^B^-^ S , 

[0053] mz. y-hmmm29<7)±M^z^^m 
oi:mmnzm^-t?>. -e^ot*. i»i^3o±s-*tfn 
* v-xmi^24bp* mmm25<7)±i,z. v-xmm 
msi ^mm-^, v-yf^mmms i tM^^^Iy^^n 



MfiSfiiS iC^2 lO^Hfc, H^-f>'«©a3 2 
^BlSLT. S i CM^y^y-hiffil^FETSr^-r 

-I.. 

[0054] :^mmmx'hm i comtmmb mt<. 

ReiittcOiSViA 1 , Gai.,.y I ny NM2 8 (flL. 
x{4OgxSi<7)|^-CS>0. ytiOSyS lOS^-C 

^,0. x+y^iT'S)^. ) ^mmmmmbLXAiN 

m 7±izm^-thZbizX 0 ^^cO^S,«5feMbSrl»± 
-?-OiKms i CiO«i™4$-h8-gi#aiL-Clffi9gF 

E T<7)mis.-it^m^ z b -s , 

[00 55] itz. mizhuy^y-hWBFETX'li 

y- hm&mmifZ h uy^a-i—mzmmm^m^ 
M'^ti^mz *)'^<^^smi:mm-?>:ibimL\>y 

muzmmt. i'^^^ xmi^mmmmmmiz^i^^ 

[ 0 0 5 6 ] t ^c. ^ 1 (Dmtmmx'^^Kfzmmbm t 
mAx\ mmsmi^mizA i N112 i^com^ni^im 

<om^^jsmiz^< •r?>zb **t'# ^ , 
[0057] ^xti^^mtmmx'h . mmizmtsm^i^ 
mm.bLxmm-t^^-^ii. ia2fc^L^cj:^^i->y 

* . ^tmmxii h V y^mm\.z'^^^^hW}m 

{±pa^LTv^^*^c:n^^RB^S^^•g.t>^o•C'^i^^<. n 
[00581 ^^, 2|s|IS^»-C* t/c hUy^<7)mm. 

ij^titmizmf^ix^cibii^K. v^huy^m. 
V!^huy^mmizLXiiX\,^. ^i^lzhuy^(r>m 
mitmrnjizmx/xyi^^KxiiXK. m^ni^^iiimTh 

:^-f\^3mm^^±^ K'k^Xo tctftttf -I. c: i: i 0 . i 
[ 0 0 5 9 1 lJl±«Olg 1 St^ll2<^IISfiJgffi-C{i 

n^-^:^>;i'mcommFET<7)7^i,z'o\,^xmpMLrc*<. m 

mM<7) nbp iMlWz.tZ P ^-V :tvPS<Oja?^F E Tic 
J3 V t |SI tmii:n?> ^Lbti^T^?,, 

[0060] tt:±M<7^m 1 m^m2(r)mmmmizii\>^ 

A 1, Gai.,-y I ny N (flL, xJiO^xSl 
<7)||j&T-fc 0 , y{±0^y^l«|^-CfcO, x + y^ 
ITifei., ) . ZnO, LiAlNO, LiGaNO, 
Hf O. ScN. Ti B2 , UB2 . WB2 CO— ffiO 

i:AiNi^±^zm^LxmmMm^m^cibizx*). a 

1 Nm<^^it^:+-^3\^tiiLXmmFET<r>imKiti: 

[0061 ] ttz. ^l,zm.'<-fzXo(,ZZiXi^(DoibX'Z 
nO, LiAlNO. LiGaNO. HfO, ScNlC 
ov^rtiA 1 NUio^tBMSKi: LT/i(tT'{i'5:< A 

1 Ncormmimb Lxm^-^xi>mx.f-zFETcoy~h 
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[0062] ±^Lt:X o izztLti>comm<^mmzmt 
' {±'A 1 Nm(DShmmitim±L. ^com^s i ccomA 

[0 0 6 3] ^Jt. Si cmmiRX/1 0 KCfflV-^SS 
ic (^-fia^*) *iS^B(±'?-c7)a:^m^5SJKco^#v^6 
H-S i 4H-S i C. 2H- S i CCD^^TiXi)^^ 

[0 0 64] ttz. *^H^ um<7)^mhmmo ) «ig 

MFE TI,zm^ilfzMfX'li^j: < . I G B T^. mcom 

[00 6 5] (.m3<7)mimM) msa. ^mmizx^ 
mscommmcrts i cimFET<^mmmx'S)?>> * 

imms i cs«?4 1 ±(,zji\^-f^^i^^/\^mizx <o nm 

asm h' U 7 b«4 2 $r»^t- S « ^ LTB^^^EB^tf 
1 2 0 0'CTlJP«iLKYtJKS: 1 0 0 0:^>yxhu—J>. 
»^Lfc. ^LT^ffCVD&tcJ;'? S i O2 2rl. 5 

[0 0 6 6] ^(ry^k. yiirWJ:^V^^^->im^L 

imi:i^'y^yyx'm^Lti. z<7)^izrju^=^f7j^ 

■oXpm^-xmm4 3^m^Lf.:, ^<r>^. ~mw.it 

[0067] ^Lxm^m^m^Ltzm. mzypnm^ 

mSULfzA 1 NJK$:W<l&JR^«fi£;Ra (MOVPE) 
^t'X'i¥^Ltz, m^am^mzlil O Onmt Ltz, 

mz-^(o±izmm^cr>7icv u 3 ym^m^u-^is'-- 

y^Ltztk. Zix?:'7X^bLXA 1 NM^rx-zf-V^ 

t. y-hi^i«4 6. y-hmm4 7 ^m^Lfz, -e 
y(r>m&t:cy^yyi,zi. 0 y-xMiS<7)K-flJi^l^ 

L^)»4 8^?^figtAc« 

[0068] <XV^•CV-^mfii4 9 i: LTeaj;c<fN i M 

i:matL. s®tc HU'f y^m4 5 1 LxmtiiN i m 



[0069] ZZX\ ^mm^WitBLfzA 1 NMcO#« 

yjmiimT<DXdizLxnd. •t^j:ij-h. 

CiSBL, 1 OSO'CisfS, -?-c:t::hU^^;l'r;l-5 
-'^ASr 1 0//^:;I^/:ii-. Ty€:-rSr2. 4 U ■/ 

[0070] :mmmmx'ii. ^mmt Lxmm. 
^sstT?^«t/i^-&. m'^commma i x i o'^ 

mmXcm^ Xh-ofz, tfzJ<:S^yi^<m&^iLt:^ 
m^limf^lZlX 1 Oi83g<l/cm3 -^i^m^ 

ti. zcom-^. maLfzi^<^t^ dx^\>^A 1 N{s, y 

timatfzm^^^izi&TLfz. ^fz. mrnvtim^ 
i,zity'n-i-xtpx'mmmi>zm:k^ tt^^zt m^^A^Ktc 
<. m^(Dm^cr,^mtmf^x^fz. tfzm^^nx 
io'6^<i/cm3 m^-^^tix\^^^hcohmm^j:^^ 

[007 1 ] ^fc. C:C:fA 1 NOJgfiit^rffii: LTMO 

vpF^mmtfzfjK zinzm^-r. ^Tuxu^dfi^ 

[0 0 7 2] ^/i. ddt-lg-cO^mMSrnS, HZIct) 

mmm^pmtLfziji. ;iinzm^i><7)X'^<. m-<r> 
mvMtrpm. mz. c^m^i nmtLx L Xi\ trz 
m-fmmi>zii^^^mcom^ ^ h <7)im^^ tfi. m^zm 

a^tcSiJRS§tLSfc<^t-{i^v>. t.iz. SiCS^lfc 

fflv^ss i c mvi^) sm^\±^<r>wcknm^m.<r> 

;^#V>6H-SiC. 4H-SiC. 2H-SiCC?5V'» 
[0073] t.fZ:^%mtmmF FT\,zmihtvtz±>»X' 

^Lxmm-fhztifiX'^h. 

[0074] (^4 c7)||M»® ) ^4c^llSfe?^«|{i. 

3<r>mmBm<7i^wmm.^zii\^x . T-wmtLxw. 
m. hi>\^\t^<r>^i>^^z^±mjtm'kmMLtzA\ 
nm^y-h^mt Lxm\.^iz, Tcst Lx^txitiy 

^-yhy^A. ^yrJ'yX'S)'?, ^C7)^mt-^ 

vn^m^iz^-tztifzx 0 . -eamA 1 Ntft^^jnt 
^c. ^D««s^f*i^^Wfcj:^i.{f-e<x-em X i o^^ 

[0075] zco^-^coy- hmmm<7yn^ii. u -i? 

^'msss-is^s-cs^. ifzmw^<r>7mimmizmuLfz 

[0076] (mdc^mimm) mscommmma. m 
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mmt Lxm\^tz, iimmTm^^tsmm^xt lx 

[00 781 (m6(7imm&m mecnmimmii. m 

3 cr,mmmmco^!^mi^ms^z v . ^nm ttxm 
S)?>^^iimm<^itib^i,z-!tir/m^maLtiA i njk 

^mim+%tx'mux'ti>iif. :izx'ii7%maL 
(00791 ^<^^. fmrnnimn t u -^'^gss: 

mimm<^wzj&^i'ri>ztti'X'^t:, ^tivptm^i' 

<:r)U-r^i)mmX'^ . 5 O O n m];Xh(Om^X'i> i^y-y 

[0 0 801 (m7(^||Jfe?^<il) 3|s||HJtCiS 

m 7 <0|ISS?g® t:^ •5. F E T <7)ffijt ^-^-TBrMllI-C* 

s , c ^1(4. IS 3 jbM^ 6 (Dmmmco^mi^mmizii 
[ 0 0 8 1 ] ip*> . mmifii^ u 3 ymtt£h nSissK 
H u 7 hJi 5 2*ij^^$#t-ct5 0 . ^(nmmiiziipm.^ 

[0 0 821 iTt, K^'fX yf-y^S (RIEj£) 
iOn* Sy-;^«iS5 4<0«ffi*»/?>n* SV-X^iS 

5 4 J:t/fpS<-X«i^ 5 3 SrSiiLT nM««lS H 
U7 hJ15 2{C^-r-g. hU-y^e 0*^?^«$ixTV^^, 

6 Ol*llci^'-h«»iSIS (^!|lsS:m!rat:^:A 1 NK) 5 

6*^, ^LThU-y^6 0|*l<^>-'-hjeig^)K56O^S 

bhuyi- 6 0 (omns^commizy- hm^si ifim^ 

^tlX\^h, 

[0 0 8 31 ^tc. y-hmiB5 7$-S5 J:5(c-eo± 

^zmmmssti^mfS.-^ixxiir). v-:xmM5 9tLx 
mutn i mtm^^ix. mm^z yu^ ynms stt 
xmtiiNimi3^m&^iix\>^?>. 
[0 0 841 z<7)^^[zh. msjb^ecomtmmb 



i>±iztmmcr>^^^Lx\<^fz. ^fz. :*^msmmx' 
* Lit h y^<^mm h ^tit£mzmhtL?> ^ t 

<. u^huy^m. v^hvy^mmi,zLxi,X 

rt/b*»=5rfllS-C't>iv^. ^j:i5huy-f-mmtmm 
mmcr>^j:-tAmit. ^^:^^/um}&i!)^iz^<^^J^olz 

[00851 ifvi, M^y^fflUffitCpSSSaSrSIAL 

McT) n i: p ^ AiX#i. p ^-r ^^fUMcOim F E T^tC 

[0 0861 (^acomtmm) msjb^icom^ 
mzti\^x. mii>z>(;-^^ym^m\>>. A-^y^miz 

Ztti^X'^ . F ET^14*^r6l±-r-l. :itti^iii}^->tz. 

[0087] ('m9cr)mmm) m5\t. *^bb«o^9 

05 (a) tC^-TiatC. S i C6 l»«±tC. S 

i O2 ^^6 2 ^StRfi^JtCJ^/fi-r^, S i O2 2 
?rSt>?Wtc?e^-ri.:ft-&i: t«4. fi«li.(f> S i cmsLb 

i±tc:s i 02 wm. fm.^\.^\mPK> x'gi.^^^ 

[0 0881 iJCfc. SiC»«R6 1±fc, Ga, Al^ 

(M^;<fX(c^jDL:5r*^^>) . A 1 NSr^^SS-ti- 
^b. 05 (b) lcS^-rJ:3lc, Al N3{4S i CS« 
liLh(wL*^^«L.^>.\ CltHiAl, Ga, I N 
(x+y+z=l. O^xgl. Ogygl. O^z^ 

1 -c* s . ) <?D^;fttcov t IrI y:Mtmx. h . mMfa 

Al, Gay I N (x + y + z = l. OSxSl, 
OSySl. OSz^lTfcS. ) SJ^{4. 
T^:;l^7rXA 1, Gay In, N(x + y + z = l, 
O^x^l, O^y^l, O^zglTfeS. ) 

[00891 A1, Gay I N(x + y + z = l. 

O^x^l, Ogygl. O^z^lT-*)!.. ) iOMP 
{4, k\<r>^/—xb\^Xk\'k%^^mM. N <7)y-;<-f: 
tTNz x{4r:^^:-r. fteoiiiS6V-xi:LT^r« 

iif^L.>.->. tTt. BuieGa. A 1 ^0III]!S0^0 7-f 

XtiiSSl. X«4C I2 , XliJK^bkfg^-fei^y'fbK 
^<nsm<n-fi!m^^. Xii^ouM^ym^x. Xli 

Xl.tf^'oyy^:ffX<r>. A1, Ga,! n, N 
(x+y+z=l, O^x^l, O^ySl, O^zg 
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IX'h^. ) J^^;^B#c7)i||]K{il 0-5—1 O-^mol/min 
T*Sii:*«a*LV%. 5gt:. A 1, Gay In, N 
(x + y + z = l, O^x^l, OSy^l. 0^z< 

250 x:xh?>zbt^ntL\>y, 
' [0 09 0] -eof^, 05 (c) tC^-TidtC. S iO 

2 m2iHFm<73m&mm'mi}^Lx'ssi'om<t, mtK 
A 1 mi7i<mmi>zmii-^-t\'^cr>x\ a i N*<?§{t^ 

[0091] (mi o<r>mmmm) me 

1 ocDmmmmiz^mmm^:fjm^7jk-txnmmmx' 

ll9c?)^*feJgSllc^L^t<^i: IBI^-C* 0 . m~<D^^ 

10 0 9 2] ^gcommmmtm^^cDii. ain63 

±I,ZA 1, Gay N(xH-y=l, O^xgl, O^y 
SlT'fcS, ) ^6 4im^^tlX\,'^^ZtT$>&, A 
l,Gay N (x+y=l, O^x^l, O^y^lT' 

m^T;U^UttJ§?Ktc}§{t^v^^, A 1 Nm^^m^h 
^CC(iAl, Gay N (x+y=l. OSxgl, OS 

[0 0 9 3] {miic>ymmmm)mni. 

1 icomumm^z^mmB^-m^i^-tJimmmmx' 
tt>h, iif^mm.^z^^mmmi'&.<r>mimts:^mi 
m 1 0 (rmmmazTh t t o i: lai t-c* o . i3i-<^ 
'7f\,z\,m-<m^-km- . 

[ 0 0 9 4 ] 1 o<r>'mmm):.mts:i><r>\i^ a l N 6 

3JKi:Al, Gay N (xH-y=l, OSxSl, OS 
ySl-Cfti.. ) M6 4<7)2®«JtfcS^:0. S i C« 
« 6 1 *-^>3S< ^ S tcfil^T y < >5r-g. J: a 
$iX?t 1 iic7)A 1 , Gay N (x + y=l, OSxS 
1. OSySlTJbS. ) graded layer6 5T*}^^§)n. 
TV>-S,AT-35>.?.. S i CS^6 llcSt.3ff<lciS^$n. 
fzyi<r)is.%\^mm: . S i C«)K6 1 *>^>a< tciEISS 

1^ 1 0 <r>mmmi. o t fss^icjefi^-r-s t **Tt= . 

[0 0 9 5] (^1 2iOie5fi?K®) 08ZtT/H9{i, * 

w^<r>%\ 2<rmmm.z\^hmmmm^m\^x^ 
ymwiz^^ t/v! t «ot iBi«-c'«> 0 . n-<r>m^\,z\m- 

[ 0 0 9 6 ] us ( a ) TbM ( d ) \iZ7kti. 3 tCS i C 
a«6 l±m±t::A 1 NM6 3 t-eixSrfi^a-ri.^O 
Al, Gay N(x + y=l, OSxSl. OSySl 



[0097] -ecOf*. 119 ( a ) liZ^-ti^^ 0 IC, I'i-'X 
h>'N-^-y7 2^?^«LT. 09 (b) {,Z^.-rXo\,Z^J 
yVytymzXK)i^B-yh^-mM7 3^m^L. '>3 

-^N'^JTr-f^-HcOcf-C, Al NlK6 3«iS5WE<7)f| 

[0098] A1N)K6 3-^A1, Ga, N (x + y = 

K OSxSl, OSyS 1T'«)-I.» )J^64tc:H-br 

y^^mLtzm^m^^^ztizx^ , ^m-tmKirta 

-rc:i:*^'T#l., A 1 NIK6 3. A 1, Gay N (x + 
y=l. OSxSl. O^y^lX'hh, )m64cr>}^ 

-y-ohttxi,^. nmx'$>fnf. siwcoimycm. 
pmx'htums^crium.Tm^m^'^ifZbij^tL 
\-\ ^mtitmizmf?> s i cms.6 1 ti. 

[0 0 99] (HI 3coii»®) lai oar/Hi 1 
^^m<7)mi 3cr)mmmiz^i>mmmm:fjmi:m 

\^x¥^mi^mM^im-t^if&^^^i-TMmmmx'h 
:^mmf,zmhmmB^-)jm<7im:mtcmm±m 

1 i(^msmf.z9rii,tii,cn}inmvh*) . m-<rM^ 

[0100]iaiO (a)BM(c) tcS^-T J: d tc, S 
iC*«6 l<7)±«®±tCA 1, Gay N(x + y = 
1, OSxSl, OSyS ITfeS, ) graded layer6 
2 ixXio^. S i C 6 1 iOSSB tti^i— 5 
•y:J'mti7 1 ^^'J^^^ixtV^S, 

[0101] ^iOl^. H 1 1 ( a ) iZwiti. 3 tC. U'i^' 
xh^N°:J'-i^7 2$:?g^Lr. 01 1 ( b ) tc^-Ti: 3 
fc«j7h:t7}£t:J;'5i^a y hdr-BfiB7 3 $:mt. 
j^3>yh^-^N''Jr;5^^^-h'5:f«^-r.&. C:i0i^3-y 
V^~f^^)T^-{:^—Y<r>f^X\ Al, Gay Ngraded 

layer6 5«]6iWEcO*|^«jti: tTfflV^^ix-C V^S, 

[ 0 1 0 2 ] A 1 , Gay Ngraded layer6 5lCH— t 

yy^mvtzm^m^^hztizii^ . ^M-rsiWESrai 

■^C:i:*^T'#.|., Al, Gay Ngraded layer6 5£0h' 
-J^VYtL-Xii. nrnxhtm. S i ^tfOivSiTcm. 

i>m.x'hixi,msmcr)\imym^m^^h:ittim^L 

[0 103] (|gl4<0||SSJ^«) El 2Ji. 3|s:^BBW 

w>iA<7)m.mmm.\.z^hwsmmjmim^^x^npm 
m.^Ymth-fsm^Tv^'rTmmmx'ibh. ^mmsm 
i.zmmmm^-nm<om^m^j:mmimi ocr,^mm 

\iz5fiLi^i><r>}imkX'h^ . m-<7M^iz\m-<r)^ 

[0104]iai2 (a) (C^-Tiot, -S iC 
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IBn- -S iC«8 2±fcSfl?Wfcp-S i C^1S8 3 

ffl»<%-CJ^^$iiTV'>^. HirlEp- SiCmii83±i:n 
* -SiCmm8 4±iZttiti^^X. SiOz 118 5^ 

mtKmzmm-^. 

[0105] ^(r>m. m i oc^mtmmTm\>^fc^m^ 

A 1 NmSetA 1, Gay N (x + y = 

1. OSx^l, O^y^lT'fcS. ) M87*<. Hi 
2(b) t:^-tJ; 012 

(c) tc^-ri^tcs i P2 USS^BXOI^V^^f^. 
— hmSi88SrAl, Ga, N)^87±fc:, V-xmfii 
8 9Sry-MSS8 8i:g^L'3rV^J:dt::p-S i 
1^8 3 tn* -S iC«^84tc;i^c*i-3-CmL, S 

i C«:K8 1 KHtC N' l^-f ym8i9 0 2rffii5^S i tc 
iO, S i C-MOSFET$:f^t--5.<Ii:*^'T'$-g.. 

[0 10 6] ;i<r,MOSFETcr>^X\ A 1 NM8 6{i 

Mos-y-hcrii^mmkLxm^^htixi^^, m^y- 
hizm^^htix^^^siOi ^'otmamxhttzib^ 

S i C<7)WSX$>i>mm^^<^m^i+-»3\^lii'tZb 

[0 107]5gtC. A 1 NJK8 6-«?»A 1. Ga, N)K8 
7t3H-b-Vi/S:JfeLfcll^fflv^|>^i:t;:i:0, f&S^ 
-l>iSfJESrai-r.ri:*^'-C'#.|>, A 1 NIKS 6, Al, Ga 
y Nm87C0\^~J-<yhtLXI,i. n mX'htlii. Si 
meoimTtm. p M-eS>ii{fMg^<5Dll|^7c3gJ:fflv»S 

[0108] (mi seommmm) m 1 3{i. *^bb<o 

^1 5cD||]SfiJg®tc^-l,^JS?g(£:)tr^Srfflv^T4^f*^ 

i,zm^mjm^:fjm<7)mm^^mmimiocr)m^mm 
iz^Ltzi.cotmmx'h'o . m-<7)^'»i,zim—co^-^- 

[0109]I113 (a) iC^-riatC, -S iC 
»«RlOO±l:n- -SiCmi0 1f)Wm^tLXii 

0. mlBn- -S iCMlO l±tep-SiC«l 02 

tm^^tiXa •) , mrlBp - S i eg 1 0 2±lc-f :t>' 

aA^S:fflv^T^#?euti n* - s i cmmi o st^m^ 

SiX-CV>4, Mffin* -S i CI 03«iSJilCS i O2 
Ml 0 4j()«SS?WtCJg«$tl.TV>|,, 
[0 110] -eeof^. 1113 (b) coJ;dlCp-S iC 
ill 0 2/n* -Si C«i^l 0 3/S i O2 j^l 0 4 

«jt*« n- - s i ca 1 0 1 ±(;g^Ktcie^§<xS X O 

t,Z^ n* -S i C-ffl^l 0 3 tp-S i CJil 0 2S:S 
JRWtCRIE mX':J^'y^yy-t^. ClcORIE <7)|Sg, S i O 
2^104 2r-7X ^ t LxmmX'^ S . 

[0111] ^(r>m. mi Q^>mmmxm\>'^ti^mi: 

fflV-i^t. A 1 NKl 05tAl,Gay N (x + y = 

1. O^x^l. O^yglT'S)^. ) IKl 06*>\ 0 



13(c) c^-Ti -5 izwmm^comtDmmtmmizm 
ifmizm&^ixi>. 

[0112] iXiZ. mi 3 ( d ) iz^jK-tX 3 i O2 
Kl 0 4$r5X'9^V^;tf^, y-bmi07S:Al, G 
a, NjKl0 6±tC. y-^mUl 0 8$ry-h«lil 
0 7f:«^L^V'>J:o n* -S i C«i*l 0 3±t:?g« 
S i CS«1 OOiORBJCh'^-Omiil 0 9?rE 
-& C i: ICJ: 0 . S i C -*S0^MDSFET^#K-r^ d i: 

[0113] ZCOH0Sm<Df^X\ A 1 NMl 0 5{iMO 

sy-hc7)^mtLxm^^^tix\^h. ^^y-hiz 

fflV^^>iXTV^SS i O2 X'Oh'^mSX'h^fzib. Si 

[0 1 14] Ht. A1NK3-^A1, Ga^ NJK4t;: 

JE^ai-r^i:*n'#-l>, A INITIOS. Al, Ga^ 
NMl 0 6C0H-/N°y hi: LTJi, nS-C'$>^ltf. Si 

m<7>iym7cm. pm.x'htnmsm<7iumjtm^m\'^& 

[0115] (^1 6<^mmmm) mi ah. 
mi 6comtmmiz^^mmm^:mim^^x¥^i*im. 

^z^?>mmm&-)jm(om:^m^j:mmimi i<r>mimm 
iz^ Lfz i><7)tm«.x'h 0 . m-co^-ii^izim-co^^ 

[0 1 1 6 ] 01 4 (a) iZ^-tXdiZ, n* -SIC 

mR8i±izn- -s icm82-fymm.^tixi3i. m 

len- -S iCa8 2±fc®tJ?&<Jfcp-S iC«^8 3 

iju^y^xm^m^'^xm^^tixts'o. mbp-s i 

C^J^83±(Cn* -S i C^^8 4*H:^>'aA^S: 
m\'^Xm^^tlX\^^^. huIBp-S i C^li8 3±t n 
* -S i C«^8 4±Cifv!7&>'o-C. Si02 JK8 5Sr 

Mmmzmm-i>. 

[0117] -eof*. mi icommBBx-m^'-^fz^m^ 

m^^^t. Al, Ga, N (x + y=l. O^x^l. 
O^y^lXht. ) graded layer 1 10**. mi 4 

( b ) i,z^-tx 0 ^zmmmi,zm^^tth , la 1 4 ( c ) 
tc^-r<j:d(cs i 02 M8 5^jixoi^v^3tf*. y-vm 

fii8 8 2rA 1, Gay Ngraded layer 1 1 0±J,Z, V— 

xSfii8 9 €ry- h«ffi8 8 kS^ML^v^J: d tcp - S 

iC«iS8 3±i:n* -S i C^i^84±lC^/c**-5T 

mmv. s icms.ioocommifZvu^y9M9o^ 

[0118] Z<7)mSFET<r>^X\ A 1 , Gay Ngraded 

layer 1 1 ots, s i cmmizm»Lx\^hmmiixi)< 

±#<. S iC»Bw&»ii>3I<^:S{Ji:y*<±#<5fl:&J: 
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[0119] Mt:. A 1 , Gay Ngraded layer 1 1 0 
*>*l(^. Si^<7) i^7C«, pMT*iUfMgafO ]K 

[0120] (^1 7<Dmmmm) mi5i±. :^^BM<r> 
iZ7fkLfci,<Dbm \^xh *) . m-m-^izum-co^-^i 

itt. 

[0121]I1I15 (a) iZ^-tJ^dlZ. n* -S i C 
2«10 0±(Cn- -SiCmiOliJ^m^^tlXti 
*).miin- -S iCJil 0 l±tp-S iC«l 0 2 
tl^m^^tlXto 0 , luiBp - S i 1 0 2±{,Z-( 

T^xmim^^xmw.mzn* - s i cmm i o stm^ 

SiXTV^S, Itrifin* -S i C 1 03««Lhtc:S i O2 

m 1 0 Aimmi.zm^^tixy.^h, 

[0 12 2] -eof*, mi 5 (b) C0j:3tCp-S iC 
®1 04/n* -Si C«^l 0 3/S i O2 IKl 0 2 
flBij&^n- -S i C«l 0 l±t:&yc(clSIS$tLi.J:a 
n* -SiC|Si^l03tp-SiC«102i:S: 
SlRfi*)t;RIE mX':i^yf-yy-th. >rcoRIE S i 

02 ^ioAi'7:K'^tLxmmx'%i>. 
[01231 m 1 1 <rmmsmxm^tz^m^ 

AU Gay N (x4-y=l. Ogxgl, 
Ogy g lT'S>-g>. ) graded layerl 1 1*<, 01 5 
( c ) tc^-r J: e icmftearaco^oilfl® i:J£HtcSlRW 
\,zm^^tlh, mi5 ( d) iCS^-TidtCS i Oz ^1 
0 4§:lX'9K5V^7tf*, y-h«figl 0 7^A 1. Ga, 
Ngraded layerl 1 1±C. V— X^l OQidr—V 
«fiil OTfcg^ffllL^rV^id n* -SiC«iSl0 3± 
tC?g^L, S i C»K1 0 0<:0^{cK^-f V-miBl 0 
9 ^mWL-th C: i: tc J: 0 , S i C -IfiSgMOSFETSrfPiSf 
i,:ihifiX'^h, 

[0 124] CicOMOSFETOctJX'. A 1, Ga^ N 
graded layerl 1 UiMOSy—h^t^mmtLXm^^ 
^>tL-CV^S. ta!*y-hfcfflv><i>ixTV^SS i O2 J: 0 
*)lSfl8fffT'^iS/^y>> S i C<7yWS.X'hhWimM(^-^ 

[0125] letC, A 1 , G a, Ngraded layer 111 
i,z\i-'^yy^mLtzm^m\^^:i}i\,zXK) . ^Wth 
Wff$-tilt-Ci:*^*T'^S, Y-J^yVbLXlt. nMT' 
^>i^{^. S i^<7)iv^7c«. pM-C'ibixJfMg^Oim 

[0 1261 (IglScOlliiJgSS) HI 6«, 2|s:f|BJ(^) 

■Cftl., S i Cmm.1 2 l±tc. A 1 N^J^l 2 2S:m 



2 2±fc^ v'X M23 5rlll6 (a) {C^f J: d tcife 
MM^PL, l55tLril 16(b) tc^nf i d ^zmRmz 
Km^-^h ,12 5 ^-/Wv;^ ^'f * 0 . 
12 3 ati^JBar^l^ i'';^ VX'hh, 
[0127] JJiCtC, la 1 6 ( c ) tc^f i: 3 tc, RJSiff 
^^^l^i-'Xh 1 2 3 a?:. il«jg-r^*5^K0H mCTiTlVf) 

'j'ft^?3eT'BX0^<**, -e<5oig, A I NtiKOH i?or;w 

^)*SmWizm\^h^. M 2 3 SrVX:?' i: LT 

mm:i^-y^yVX'^^. Z<7)J:dl,zLX^mzAlNm 

mi2 2^miRmzs ica^^i 2i±izmm-i>zt 

[0 128] (mi 9co^JS5^®) Ell7S.t/T118 

{i. *%HBwmi 9(Dmtmmi,zi^hmfm&-)jm^m 
\.\x^t^mm^im-t^:fjm^^jimmmmv$> 

1 8 (ommmmiziik Lfzh<r)t mmx'$> o . m-i^u^ 

[0 1 29] lai 7 (a) t^f idtC, n* -S iC 
»Kl3 1±(Cn- -S i CSl 3 2*<JB{S;Sfl.Tfc 

MIBn- -SiC«13 2±tcai^W(Cp-SiC 
^igl 3 3*»>f^yaA^^fflV%Tje^$ilTt5»3, fT' 
iSp-S i C«iSl 3 3±{Cn* -S i CfSi^l 343&< 

[0130] mi^m±^mizA i n^i^i 3 5^:1^9 
<rmmmbmt:fjmx'^-&^it. ms.A 1 n^mi 3 
5±i,zui^xhi seirikmmpfBL. ^^Lxmii 
( b ) iz^-TJ: 0 ^zmm.mz^^-^h. 1 3 s\m% 

<r)^,<r)^ 9Xh^. 136a MK^m^i-Vi^X 

hX'h^, 

[01311 ii:(.z. mi 7 ( c ) tc^-r i d tc, 
^uy^M36a$:. 3S«?a-r=5r*>*>KOH ^cDTJl'A 

oimm.Tn*)m<ti^. -eoig. a 1 NtiKOH ^cot^p 

:(ivitmmzmif^m, v'Jxhisei-^x^tLx 
mmj^-y^yf^x'^h. zcDXoi^zLXfsmzAiNm 

m 3 52r®tRWcS i cmmi 3 litcjgfig-rscii: 

*^X'^^, t>riEr;u;^yitj§?KoiaK(sSia~2oo 'c?!)* 

[01321 mz^ la 1 8 ( a ) tc^-r i a ic««±H 
±izmmt^j:i>^mi3 9^mmL. ^^^--y-s^-rt 

Ctlci-^T, iai8 (b) t5^-rJ:p'5rM0SFETSr-fm 
-tS fc*^'T-# I. . A 1 N^)K 1 3 5{i. MOSFETCTjy- 

TV^-SSiOj i.'Oi^miE.X'hi>fcib. S i Cc^:^ 

[0 1 33 1 A 1 N 1 3 5t:H-tr>'7'$:ML^c 

7c^> pmx'hixi,msm(r>um7m^m\^hz.}iim 
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[0134] m2 ocDmmmm) mi9ii. :^^mco 

[0 1 3 5} 01 9 (a) iZT^-tXoiZ. n* -S iC 
»:^15 1±t2n- -S iCJil 5 2*i?g^$ixTt5 
0. P-S iCJil 53/n* -S i CiSiil 5 4<fjt 

i}^n--sicmi5 2±i,z&mzm^^ti.x\^^h. m 
m^m±±mi>zA i ummi 5 5^m9<Dmtmmbm 
tijmx'^^^-±. mz^i 9<m6mmtmm(,z. a 
1 15 5a ^mvimzm^-t^ . ^CO^. a 1 N 

1 5 5 a{i, H 1 9 ( b ) iZTik-tX O {CfrieftP^iO 

mmmtmm^zmmm^zm^^ix^ . 
[0136] mzmi 9(c) iZTik-f^oizMm^m^ 
izm&t^h^mise^mmt. ^^i^--yy-t^^ 

biZji-oX. mi 9 (d) IZiji-tXo^m^mSFEJ^i^ 
[ 0 1 3 7 ] A 1 Nmm 1 5 5 aJi, MOSFET^oy- 

-S, S i O2 J: 0 1 «WJE-C'«)'i.3"ci6, S i CcomMXh 
[0 138] JglC. A 1 N^^l 5 SatCh'-fV^Sr 

3&*-C#S. H->'N*Vhi:tT{±. nmxhtLii. Si^ 

[0139] *3%HJ4'OS i C^^ftci; ttJS, 4 H, 
2H. 6H. 3C^T<0ifeftfllitSrt,oSiC^«^|s 

(m2 KDmtmm) ia2 0{±. :^^m<om2icr)mm 
mmi,z^?>mimwujm^7^-rjMmmmxh t.m2 

0(a) l,Z^-tJ:ol>Z. ^Vr-iTW^l 6 1±{C, S 

i 02 1 6 2 ^mmi\.zmm-h . s i 3^11 1 
6 2^msimzmm-h-f}m\mx.\i. -^yr-i twr 
1 6 1 ±t:s i 02 mm^. msM^^^imm x^^ 

^■^h^j:}f:Lxm^Ltz^k. 7:1- M/>'';^hT'VXdf>' 
[0 14 0] ^yr^rmwii e i±k. Ga, 

A 1 ^£0 S^i^^J'n^^ X{±i®®, XiiC 1 2 . X 

»Pit=Sr*^"^> (igf^f;<fxtcSai.^*i<i>) . A 1 N)K^Bg:S 
^■^^t. 02 0 (b) iZ^-r^olZ. Al NMl 6 3 
li^y r -i rmSL 1 6 1 it±{c L7!)»«:R L^rV^. Ciiiti 

Al, Gay I rij N(x + y + z = l. O^xSl, 
O^y^l, O^z^lT-ftS, ) c7)^*toV%Tt|S| 



t»*il-;t'i). -^^SAl, Ga, I n, N (x + y + 
z = l, O^x^l. O^y^l. O^z^lTS) 
) i^^-thi^^ii. T^)UyrXA\, Gay I 
N(x + y + z=l, O^x^l, OSySl. 0 

[0141]A1, Gay I rij N(x + y + z = l, 

ogxgi, osy^i. o^z^ix$>^, ) <Dmm 

a. A 1 (T^v-xt LXA 1 ^^#t^^^^Jg. NOV- 
XtLTNz X{4ry^-r, IllSeV-Xt lt^-^ 

»^Lv^, ttz. frieGa. A\m<r>\\m(^9uvy( 

X(4<M1!, X«iC I2 . XI4?^-fk*3^-feUWbd< 

|g^c7)Vlj^<7)7j<^'fb!l^!j. Xtt^no^:J'y^;<fx. XJ4 

X{4>'Nnir->'^;<fX<0, A 1, Ga, I n, N 
(x+y+z=l, O^x^l, O^ySl. OSzS 

X'h^Zt-bmt.L^^.'S.iZ. A\, Gay In, N 
(x+y+z=l. O^x^l. OSySl. O^z^ 

ixhh, ) imM:^<^^m>.nimi±. ^m^xhix 
(fiioo'c, r^uxhixiimi 'c^ r^tjuy r :^x$)tni 

250 °CT-*-S.^i:**»t tV», 
[0142] ^com. 020 ( c ) (CS^-Ti S i 

02 mie2iHFm(omm§m.x'mi}^LxwL*)m< 

b . mtRmt>zm^^iit:A 1 NIK 1 6 3 Zbt^X 

fit. A 1 Niiyiimmizmit'r'^-t^^<^x\ a i n 
tf^mi'T'^^'-^mm^xmi^itimmxs 1 02 ^:JROl^<^e^ 

[0143] (^2 2 <r>mmmm) 02 1 ^^bjco 
m2 2<7)mmmmizi^mmm^:fjmi:^-tj:mmmm 
xh h . :if^mimmi.zi^hmmmm.<r>m^ti:m^ 
i,m2i<r>mmmmi.z^>Ltzi><r>bmmxh^. isi-<o 

[0 144] IS2 lc7)||SfiJ^®i:M^rS<^){4. A 1 Nffil 
163±ICA1, Gay N (x+y=l, O^x^l, 
O^y^lXhh, ) mibAtm^^ixX^^h^LbX 
hh. Al, Gay N (x + y=l, O^x^l. OS 
y^ir*S<, ) {4. x*«:^S<^l,S. «SJS#H^ 

A 1 N^4is^#fflm^Ty^;!?u^±^f^S{^^^t<^v^^. 

A 1 NJP5:«g|-r«.^t:{4A 1 , Gay N ( x + y = 
1. O^xgl. Ogy^lffeS. )Mt:'S3it** 

[0145] (^2 3 COHJfi?^® ) 02 2\t. ^W^CTi 

w.2 3(rimmm.\.z\^hmm^mi'm:^-t:mmmm 

{4^ 2 2 t t <0 1 (Sl^T'J) K> . |31-<0 

SU4i-tc{4|5I-<^^?#5-ftt, 

[0 14 6] ^2 2cr)mimBbm'^J:h<7)lt. A 1 NM 
tAl, Gay N (x + y=l, OSx^l, O^yg 
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6 1 *>/?>it< y 3&«:*:# < ^rS i 0 fcj^j^c^ 

ivrzlM<r>A\^ Gaj, N(x + y=l, O^x^l. 
^ O^y^lX'h^. ) graded layer 16 5 X'mWL^fl 

[0147] (m24cr,mmmm) 02 sti. :$:^m<r> 
m2 4 <7)mmBmi>zi^ h mmm^-fm^ Trc^mmmx-h 

1f7r^ra«l 7 AlN?SMl7 2S:m 

9<7immmbm):.:timx'^^^'±. huIea 1 nmmi 

7 21.1.ZV-JX M73$-|123 (a) (C^-T i 0 iZ-k 

mmmv. m^Lxm2 3(b) cs^-r j: a 

1 7 3 a{±KJS}»;^H^i-';^b-C'S)l., 

[ 0 1 4 8 ] 02 3 ( c ) l,Z^-tX 0 (C, Kim 

X?Utt^JRT'JR'5l^<j&«. -?-<7)|[g. Al NJiKOH^O 

r/P;^ Utt?$?Stc?§{tS^, I' i-'X M 7 3 Sr-7X^ i: 
L-C|5lB#X.yf->'i/Tg=^. COiptcUTfS^tCA 1 
N^!g 1 7 2 r ^ r«« 1 7 1 ±(:?g^ 

200 •C*>'a^LVi„ 

[0 14 9] {m2 5(r>mmmmm2Ai,t.^%m<r> 

182 5<^)|ISSJ^®(C«5^f<^a<O^iJt$-^r^Bp0 

T-J)-!., C:cO^^#:^a{±S i C-MOSFETTS> 

[0 15 0] i^. M:frfil[ (0001) , dr-v>;Tag4x 

1 oi6cm-2copss i cm^^w.mm.\Q3<r>2i} 

B)ft'1200-CT'NSr 3X1 Qi' cm-^^0^'-X^T'•^':t^' 
^L. Hl^nMS i Cil 1 8 1 i:lg2c0nSS i C 

[0151] ^(Dtk. Yv-i • J^-y^y^ 

(CDE ) tCioTTit'fbSrffVV ^liOnSS i CJll 

8 1. pMS iCife^^^««l 8 3. |g2<7)nMS 
1 C« 1 8 2^fficORms S:0.3nm i: L;t, -e^t*>^>600 

'cxiotmcrmim^nm lt y- hs^-fLJK i s 4 ( ±iE 
msBmbnm(r>mJt(Dmx'h§:\^, ) Stjk^l/c. 

[0 15 2] mi<^nSSiC;il8 1i:m2c7) 
nSS iCiil8 2±c7)S!-(l:)5gtC3y^'i?h4^-;USrS 

ft. Al ^mm Lx ^fi^ixmM 1 8 5&ix i s e 

Lt:. *r- MS^kH 1 8 4±tc{iP K-r;KU v- U 3 >- 
Sr«JlL. C:<7)JlS:y-hm^l 8 7i: LTH2 4t3^ 
-TiolcS i C-MOSFETSrf^L^'v:. icoidfc 
LTf^KLTtS i C-MOSFET(Of-v:t>>'l^^»lJK{i 
200 cm2 /V • s e cX'h-Tft:, 

[0153] (Jti^^j) m2 5<r)mimmizi^^ s i c 



C - M O S F E T S-a^cO J: O C LT t/i . 
[0 154] t-f. mij& (0001) . ^A''JTi8JS4X 

1 Oi6cm-2c7)pMS i C^B^H^^f*:»K<0 2*miwl2 
00'CT'N5r3x 1 O'* cm-2«0K-X*T''f :t>^aA 
t. UltfOnSS i C«i:|g2<0nMS i cm^m^L 
Jt. -eol^. 1100'CT'5lBfm<S«!*4B?fl:*fi=oii:T 

aonmoK-fbiiS: b M^mt Lxm^ Lfz o 

[0 15 5] mz. ^lc7)nMS iCili:ll2<^nMS 

LxY-hm&^m^Lfz. y-hmmi.i<ziiPY- 

2 4(C^-rJ;^tCS i C-MOSFETSr-f^$?L:^v:, Z. 
«Oi:dtcLTf^L;tS i C-MOSFET<0^^;^^;1^ 
^t!jJK{±4 0 c m2 /V ■ sec T'*)-:)/::, hS?-fb 
MTOmi<7)nMS i C«. pMSiCiSft^f*^ 

1820 nSS i CJi<?D^Hc'3T^57^-.X (Rms ) 
{illnm-Cfco/-. ^TirJ. 3|s:|6BJ{i±IBIIS4?^.W3|5B^§ 

[0 156] 

JiLh3S^T#f^J: die, ^f&Bglciti. 
tf. ReiHicOiSV^Al, Gai.,.y In, N (fit. x 
«OSxSl«OieBI:T-S>0. y«iOSySl<0|^Tft 

0. x + yg lT'3b.|). ) . ZnO, LiAlNO. L 
iGaNO, HfO, ScN, TiBj , UBj .WB 

1, mmLmmi: a i NUitj^fig-r-s i t i o . 

[ 0 1 5 7 ] ^/c. *^Bfl{cJ:tt{f . SBffi^JKi: t 
TAl, Gay I rij N(x + y + z = l. OSxg 
1. O^ySl. O^x^lX'hh, ) Sr±«5i;-r^M 

A' :*.;l^^»fjg. ig^-V SiC-MOSFET 

[laMo^m^SiBj] 

[01] 1 (^mimmizmh^ s i c^^g 

[02] *%HHi7)|^ 2 O^SfeJg®tC<^:bS S 1 C hl^ 

[03 ] :^^m(om3eomMmmiz^h?> s i 

[ 04 ] :^^mcr)m 7 cr>mimmi,z^h^ s i c 

[05] :^^m<^m 9 <7)mmmizmmmm&:m 

[ 06 ] ^^^rncorn 1 0 commmmizg^^mfm^yf 
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